In an attempt to detect changes in the diet and the feeding intensity of demersal fish caused by fishery discarding, two hauls were carried out 22 h apart at a depth of 90 m in an area of the Cantabrian Sea closed to trawling. Before the second haul, dead fauna that were not common in the sampling area under natural conditions, such as Micromesistius poutassou and squat lobster (Munida spp.), which are both usually discarded by the fleet and mainly found in deeper water, were thrown overboard. A total of 319 stomach contents from 12 demersal fish species caught in both hauls were analysed. The percentage emptiness decreased in the second haul (32%) with respect to the first (43%), and at the same time the feeding intensity of scavenger species such as Trachinus draco, Pagellus acarne, Scyliorhinus canicula, Raja montagui and Leucoraja naevus increased. Discards of M. poutassou was actually found in the stomach of a typically planktophagous species, Pagellus bogaraveo. Observed changes in trophic structure of the species analysed as a response to discards are discussed.
INTRODUCTION
In the course of fishing operations, species of no economic value are often discarded. Some discarded animals survive, but most die and provide scavengers with additional food. When such discarded material is on or near the surface, it can be consumed by birds Hudson and Furness, 1988; Camphuysen et al., 1995) , but the balance sinks through the water column, where it may be consumed by pelagic scavengers such as fish, sharks and cetaceans. What is not consumed in SCI. MAR., SCIENTIA MARINA
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The feeding behaviour of some demersal fish species in response to artificial discarding* the water column reaches the seabed and is eaten by benthic scavengers. Camphuysen et al. (1995) and Garthe et al. (1996) consider that 20% of discarded material (mainly gadoids and the contents of the body cavity) in the North Sea are consumed by birds, whereas the remaining 80% (e.g. echinoderms, molluscs) sink to the seabed. On the other hand, Oro and Ruiz (1997) noted that birds in the Mediterranean Sea can consume up to >70% of fishery discards. According to Wassenberg and Hill (1987; , 35% of the discards in a Queensland shrimp fishery (mainly fish and cephalopods) is consumed on the surface and the other 65% (crustaceans, echinoderms) reaches the seabed. Hill and Wassenberg (1990) set experimental discards for 10 minutes in the water column in a prawn fishery area, and found that at night 24% of it was consumed, probably by sharks. The quantum of discards can be considerable, as in the case of the North Sea (Garthe et al., 1996) , but the proportion that reaches the seabed has not been estimated. Apart from the information listed above, it is well known that fishing activities damage or kill a proportion of non-captured fauna (Kaiser and Spencer, 1994; ; this damaged fauna constitutes an additional food source for fish and invertebrates living on the seabed. As a result, predators and scavengers congregate in such areas disturbed by bottom trawl fishing gear, occasionally changing their dietary preference accordingly Spencer, 1994, 1996; Ramsay et al., 1996 Kaiser and Ramsay, 1997; . The response of scavengers to discards generated by a trawl fleet has been the subject of research mainly in northern European waters (Van Beek, 1990; Spencer, 1995, 1996; Kaiser and Ramsay, 1997) . However, work has been carried out recently in other areas, for example the studies of Collins et al. (1999) on the Patagonian slope and Demestre et al. (2000) in the Mediterranean Sea. Few studies have been conducted in the Cantabrian Sea, where trawl discards constitute as much as 35% of the landed catch (i.e. 13,971 tons in 1994), some 24% of which is blue whiting Micromesistius poutassou, according to Pérez et al. (1996) one of the main species discarded by trawlers in the Cantabrian Sea. In the same area, Olaso et al. (1998) investigated the importance of discarded M. poutassou in the diet of lesser-spotted dogfish, Scyliorhinus canicula; it represented a high percentage of the diet. As discards constitute an important food source for some demersal species, the current experiment was carried out to determine which species of fish benefit from discards as a food source and what is the effect of the discards on their feeding intensity and dietary composition.
MATERIAL AND METHODS
In the Cantabrian Sea (ICES Division VIIIc), the bottom trawl fleet is not permitted to operate inshore of the 100 m isobath, although there is illegal trawling in some areas. To prevent this practice, antitrawling concrete blocks, forming artificial reefs, were installed from 1992 in some sectors of the study area, at depths of 30-100 m. The introduction of artificial reefs is designed to form a dense barrier, making the area impracticable for trawling. Nevertheless, by carrying out scientific monitoring studies in such an area closed to trawling, a research vessel can provide valuable information from a single halfhour trawl between the blocks. Since the installation of the artificial reefs, commercial fishing in the area has been mainly by gillnet and longline.
In order to analyse changes in the fauna of the area attributable to the installation of trawl deterrents, abundance indices were obtained from bottom trawl surveys conducted every autumn between 1988 and 1999 according to a standard methodology (Sánchez, 1993; Anon., 1997; Sánchez et al., 1998) . For the purposes of this investigation, two hauls (H1 and H2) were carried out at a depth of 90 m during the 1999 bottom-trawl survey, in the area where trawl deterrents had been installed (in the central Cantabrian Sea). The first haul (H1) was carried out at 17:00. Then, before nightfall (19:00), 50 kg batches of Micromesistius poutassou were thrown overboard at regular intervals (to a total of 1,500 kg) following the same course of haul H1, using a navigation plotter and DGPS (Global Positioning System with Differential correction) system (precision ±5 m). In addition, at about the middle of the trawl track, 150 kg of squat lobster, Munida sarsi and M. intermedia, were thrown overboard in 50 kg batches. These species (Micromesistius poutassou and Munida spp.) are not found within the area where the experiment was carried out, because they live in deeper water (Olaso, 1990; Sánchez, 1993) . As a result, they are not the usual prey of predators in the area. To guarantee that the material reached the bottom and was not consumed by seabirds or other animals in the water column, each 50 kg batch was thrown into the sea as a partially frozen compact block. Some 20 h after the material had been discarded and 22 h after trawl H1, a parallel trawl (H2) was carried out along a track 30 m from H1. In both hauls, the trawling time (30 min), vessel speed (3 knots) and gear were identical, and the area calculated to have been covered by the gear was 51,586 m 2 . The swept area was obtained from the start and end locations of the trawl track, and the gear horizontal opening (wing spread = 19.8±1.9 m) was provided by SCANMAR equipment. In order to obtain evidence to test the hypothesis that predators and scavengers move towards areas disturbed by bottom-trawl gear, any changes in the abundance of fish and mobile epibenthos between the two hauls were noted specifically.
After sorting and weighing the catch, the stomach contents of 12 demersal fish species, abundant in both hauls, were analysed aboard ship. Where possible, the minimum sample size per length range was 10 animals. For each predator, the data collected were length to the cm below, sex and maturity stage. In addition, the state of the gall bladder (Robb, 1992) was examined in all fish except sharks and skates, to separate the stomachs that were really empty from those of specimens that had regurgitated food shortly before being caught. Stomachs containing food that had been ingested during the haul itself (i.e. the gall bladder had not been used) were considered empty. The total stomach content of fish with food was measured by volume (ml) using a trophometer . The stomach content weight was derived from a regression equation using the estimated volume and actual weight of the contents, as described by Olaso (1990; a = 0.932735, b = 0.99324, r 2 = 0.99; p<0.01) . Prey was identified to the lowest possible taxon in the case of decapod crustaceans and fish; other invertebrates were classified to a higher taxonomic level. For each prey type, the data collected were percentage contribution to the total stomach content volume, number of items per stomach and the state of digestion (1 = intact prey; 2 = partiallydigested prey; 3 = well-digested prey). To examine the relationship between prey and predator size, measurements of prey weight (g) and size were taken. For size, the total length (mm) of fish and the total length from the tip of the head to the end of the telson (mm) of crustaceans were recorded. For prey where the determination of these measurements was impossible (i.e. incomplete prey or prey in an advanced state of digestion), the length of the hard structures was measured. In the case of fish, the otolith size was measured to the nearest mm, and the length was estimated from regressions of fish length against otolith length (Pereda and Villamor, 1991) . In the case of crustaceans, the carapace, chelae or propodus length in decapod crustaceans was measured to the nearest mm, and the length was also estimated from regressions of crustacean length against hard structure length ( Rodríguez-Marín, 1993; Olaso and Rodríguez-Marín, 1995b) . Micromesistius poutassou found in the stomachs of predators (Munida sarsi and M. intermedia were not found at all) were considered to be discards that had been consumed.
To analyse diet, the percentage indices used were expressed by number (%N) and volume (%V), as described by Hyslop (1980) . Additionally, in order to compare the feeding intensity between species and hauls, a partial (PFI) and total fullness index (TFI) were used together with a fullness index (%BW). PFI and TFI were proposed for use in such research by Bowering and Lilly (1992) and, in the present study, were calculated as a mean per haul from the formulae and where F, R and E are respectively the number of full, regurgitated and empty stomachs of the studied predator species in haul h, V ij is the volume of prey i in stomach j, k the number of stomachs in the haul h, L j the length of predator j, H the total number of hauls in which stomachs of the predator species were analysed, and X is the total number of different prey categories consumed by the predator throughout the study. The %BW is the wet weight of stomach contents expressed as a percentage of the fish body weight; it was also calculated as a mean for each species by haul using the regurgitated correction factor. PFI and TFI normalize the stomach content data in relation to size of predator and %BW normalizes them by weight. Both indices allow comparison of predator samples with different size distributions. In addition, the percentage of empty stomachs was recorded. The significance of the dif-
ferences in mean stomach fullness per predator species between the first and second hauls was determined with the Mann-Whitney U-test, when the sample size was larger than 25 fish for both hauls together. Differences in emptiness percentage by predator species were tested by means of a Chisquared test and, because of the small sample size, the Yates correction was also calculated for all the species. The diversity of the sample obtained in each haul was estimated with the Shannon-Wiener diversity index, H' (Shannon and Weaver, 1949): where p i is the proportion of the total sample belonging to the ith species and S is the total number of species caught in the corresponding haul.
RESULTS

Changes in demersal fish biomass between 1988 and 1999
The biomass indices (expressed in kg per 30 min haul) from bottom trawl surveys carried out before and after the creation of the closed trawl area were used to determine the impact of this management measure. The period 1988-1991 was before and the period 1996-1999 was after the installation of trawl deterrents. The indices show that the biomass of some of the species analysed in the study increased when the area was closed (Fig. 1) . The most notable increases were in skates and Scyliorhinus canicula, and in Trachinus draco, Mullus surmuletus, Pagellus acarne and gurnards (Triglidae). In contrast, there was no increase in biomass of Lepidorhombus whiffiagonis and Merluccius merluccius, both of which actually decreased slightly. One possible explanation is that the closed area is not an appropriate habitat for the latter two species because they prefer deeper water (Sánchez, 1993) . Apart from these two, there was a general increase in both biomass and number of species once the trawl fleet stopped operating in the area.
Catches during the experiment
The total catch was larger and the diversity index higher in the second experimental haul than in the first; this statement reflects both fish and invertebrates (Table 1 ). The few fish species whose catch increased notably belonged to the family Sparidae (Pagellus acarne, P. bogaraveo, P. erithrynus, Boops boops), and the invertebrates displaying a greatly increased catch in haul H2 included the portunid Polybius henslowii and the squid Loligo forbesi (Fig. 1) . The most abundant species in the first haul were Trachurus trachurus and Sepia officinalis. However, most species either showed no difference in the catch rate between the two hauls or the catch was smaller in the second haul. 
Change in diet
Of the material discarded into the sea, Munida spp. was not found in the stomach contents analysed in H2, but M. poutassou was recovered. Of the 12 species with stomach contents in both hauls, Lepidorhombus whiffiagonis, Mullus surmuletus, Callionymus lyra, Merluccius merluccius and Chelidonichthys lucerna apparently did not take advantage of the discards. Of these five species, dietary differences between hauls were only observed for Lepidorhombus whiffiagonis, which in H2 preyed more on crustaceans and less on fish (Fig. 2) than in H1. Of the other seven species, all of which had eaten the discarded Micromesistius poutassou to a greater or lesser extent, those that seemingly took greatest advantage were Pagellus bogaraveo and Scyliorhinus canicula. However, notable differences between hauls were also observed in the diets of Leucoraja naevus and Pagellus acarne. Chelidonichthys cuculus only consumed a small amount of Micromesistius poutassou. In haul H1, the stomachs of Scyliorhinus canicula contained discarded Sardina pilchardus, probably originating from longliners working in the same area.
In the stomachs of those fish species from H2 that had not consumed Micromesistius poutassou, there was a slight increase in the average weight of prey with respect to H1, although this was almost imperceptible in Chelidonichthys lucerna (Table 2) . Nevertheless, fish that had eaten discarded Micromesistius poutassou, such as Scyliorhinus canicula and Raja montagui, had an average weight of that prey species that exceeded 3-4 times the average weight of their other prey. In the case of Pagellus acarne and P. bogaraveo, this relationship was DEMERSAL FISH FEEDING BEHAVIOUR IN RESPONSE TO ARTIFICIAL DISCARDING 305 almost 10 times greater. However, in species such as Trachinus draco and Leucoraja naevus, the stomachs were all empty in the first haul and full in the second.
Feeding intensity
The combined emptiness percentage for all fish species studied was greater in H1 (43%) than in H2 (32%). The percentage decreased in the species eating Micromesistius poutassou and increased in those that had not taken advantage of the discarded material. Differences in the percentage of empty stomachs between H1 and H2 were only significant for four predator species (Table 3) . However, when the Yates correction was applied as a result of a small sample size, the differences were only significant for Pagellus bogaraveo, whereas for Trachinus draco the probability of the χ 2 value was 0.06. For the mean stomach fullness per predator species in volume terms, the differences between both hauls were only significant in the case of Scyliorhinus canicula (Mann-Whitney U-test = 294.5; p = 0.006).
The changes in feeding intensity measured in terms of TFI for both hauls were important in some species. Some, such as Chelidonichthys lucerna and Callionymus lyra, did not consume additional discarded food and their feeding intensity dropped in H2. Also, although the feeding intensity of Merluccius merluccius increased, there were practically no significant differences in the feeding intensity of other predators, which seemingly took no advantage of the discards (Fig. 3) .
Feeding intensity between hauls increased in all fish species that had consumed Micromesistius poutassou (Fig. 3) , but the increase differed according to species. The increase was notable in Pagellus acarne, Leucoraja naevus, and even larger in Pagellus bogaraveo. Conger conger preyed on Micromesistius poutassou in H2, but it did not appear in H1, so it is not shown in 
Feeding of lesser-spotted dogfish
The biomass of lesser-spotted dogfish has increased tremendously since the artificial reef blocks were installed and, because it is characteristically a scavenger , its diet is worth analysing in detail here. The diet was compared using two size ranges, those <50 cm being considered immature and those >50 cm as mature (Rodríguez-Cabello et al., 1998) . Immature Scyliorhinus canicula had a similar TFI in both hauls, but 80% of the food in H2 was Micromesistius poutassou; at the same time, decapod crustaceans were not important. In contrast, the TFI of mature lesser-spotted dogfish was much higher in H2 than in H1, the increase being attributable to the high PFI contributed by Micromesistius poutassou (Fig. 4) . The average weight of lesser-spotted dogfish prey was greater in H2 than in H1, both for immature (6.05 v. 3.88 g) and mature animals (9.92 v. 3.52 g; Table 4 ). There were no inter-haul differences in crustacean or other invertebrate prey.
DISCUSSION AND CONCLUSIONS
Research on demersal scavenger species has shown that fish tend to move towards areas disturbed by trawling (Hall et al., 1993; Kaiser and Spencer, 1994; Collins et al., 1999; Demestre et al., 2000) and that fauna discarded or damaged by the gear is an important source of food for certain species (Evans et al., 1996; Kaiser and Spencer, 1994 Kaiser and Ramsay, 1997; Olaso et al., 1998; . For instance, lesser weevers Echiichthys vipera are attracted by aggregations of scavenging shrimps and gobiids that constitute their natural prey (Lindeboom and De Groot, 1998) , as well as pelagic portunid crabs that only appear after trawling (Wassenberg and Hill, 1987 ). In the current study, "baiting" the seabed with Micromesistius poutassou resulted in a considerable increase in the abundance of the sparids Pagellus bogaraveo and P. acarne and the portunid crab Polibius henslowii. The feeding intensity of sparids and typical generalist species such as Scyliorhinus canicula and skates, as well as that of more specialist species such as Trachinus draco, increased notably as a result of discarding Micromesistius poutassou. However, although the abundance of two other sparids, Boops boops and Pagellus erythrinus, increased, their diet was not analysed because of their preference for a pelagic habitat. All species mentioned, except Pagellus bogaraveo and P. erythrinus, are benthic in behaviour and feeding pattern, and their biomass has increased since trawling was halted in the study area (Fig. 1) . Although none are target species of the commercial fishery, there is some commercial interest in them, but when they are discarded their survival is practically nil, except for Scyliorhinus canicula (Kaiser and Spencer, 1995; Olaso et al., 1998) .
There is a time limit within which scavenging fish benefit from additional food available as a result of trawling. For instance, according to Kaiser and Spencer (1994) , the stomach contents of gurnards, dogfish and whiting in recently trawled areas indicate that they consume benthos damaged by trawling up to two days after the initial disturbance, but thereafter consumption of such material drops off rapidly. The same authors also noted that the diet of gurnards and whiting in disturbed areas contained a high proportion of small amphipods, whose availability rises after bottom trawling. Therefore, even though there is evidence from the literature that small dragonets, gurnards, red mullet, small cod and other fish species consume discards (Lindeboom and De Groot, 1998), they seem to prefer small benthic fauna. The current work only provides information on opportunistic and scavenging species that prey on large discarded Micromesistius poutassou, material that is larger than the average prey size to which small predators are accustomed as food (Table 2) .
Lesser-spotted dogfish and skates, as well as fish of the genus Pagellus, benefited most from the additional source of food provided by discards. However, the material was by far of greatest importance for mature lesser-spotted dogfish. Olaso et al. (1998) observed that the diet of lesser-spotted dogfish on trawling grounds contained up to 20% discarded Micromesistius poutassou. The present results therefore reinforce the belief that discarded Micromesistius poutassou is consumed by a considerable number of demersal fish species which, under natural conditions, would normally not have it available (Olaso and Velasco, in prep.) . Nevertheless, large prey is generally scarcer than small prey. For a marine organism, as for any animal organism, the ingested food particles must be large enough to compensate for the energy spent searching for, chasing and eating them (Charnov, 1976) . It is well known that the size of prey of the vast majority of marine fish increases in accord with predator size (Kislalioglu and Gibson, 1976; Kock, 1992; Scharf et al., 2000) ; the same has been observed specifically in the area of this study (Olaso and Rodríguez-Marín, 1995b; Velasco and Olaso, 1998) . Therefore, the food selection by such fish is based upon evaluation of the relative size of the food particle in relation to their own size, preferred food generally being smaller than they are but as big as their mouths and digestive systems allow. However, suitably sized food is not always available; at such times prey size has to be substituted for by abundance. In this respect, Pagellus acarne and P. bogaraveo, specifically the former because it is usually a predator of small benthic or pelagic crustaceans (Olaso and Rodríguez-Marín, 1995a; Velasco et al., 1996) , stand out as opportunistic fish capable of profiting from an occasional source of food that is different from their normal diet.
Pagellus acarne and P. bogaraveo clearly took advantage of the experimentally discarded Micromesistius poutassou, and although no stomach samples of Polibius henslowii were taken, it is assumed that that, species was also attracted by the abundance of carrion. As other surveys have shown that the numbers of Polibius henslowii increase when there is a carcass of a large animal in the net, it is fair to assume that this crab also obtains food in this way. During this experiment on 12 species of fish, 1,181.4 g of discarded Micromesistius poutassou were found in the stomachs of eight species. The total weight of the stomach contents for those eight species was 1,383.69 g. In other words, 85% of the total stomach contents were discards, implying that, for those species at least, the additional food source provided by discarded material is important. However, it may well be that the supply of food in the form of discards during this experiment was somewhat unusual in that all the discarded material reached the bottom because it was frozen and discarded at night. Under natural conditions, the influence of the discarded material might not be so considerable. For example, Wassenberg and Hill (1987; stated that about 30% of the diet of some scavenger species could be provided by discards, but no data are available to test this hypothesis critically. Further, data from Laptikhovsky and Fetison (1999) indicated that squid discarded by fishing vessels contribute 20-40% by volume of the demersal diet of Merluccius hubbsi, Patagononotothen ramsayi and Macrourus holotrachys.
In summary, discards seem to be a relatively important food source for the bottom scavengers analysed in this study. However, the conclusions drawn would have been firmer if there had been an opportunity to undertake more hauls after the first two, as done in other studies (e.g. Ramsay et al., 1996 . Unfortunately, that was impractical owing to other priority objectives of the survey. Nevertheless, certain conclusions are sound, namely that:
-predators and scavenger species such as Pagellus acarne and P. bogaraveo may move to areas disturbed by bottom trawling in order to prey on discarded or damaged material;
-planktophagous species such as Pagellus bogaraveo can also take advantage of discards as a supplementary food resource to their traditional one; -Scyliorhinus canicula and skates benefit most from discarding in the studied area, though it has to be borne in mind that such species have become very abundant in the area since the closure of the trawl fishery; and -mature Scyliorhinus canicula (>50 cm) take the greatest advantage of the supplementary food provided by discarded Micromesistius poutassou.
